In an effort to understand ribonucleic acid (RNA) metabolism in Escherichia coli, we examined various E. coli strains deficient or altered in known ribonucleases. These studies thus far have led to the conception that ribonuclease II is involved in messenger RNA (mRNA) degradation (6, 7, 13, 14) , and is probably an indispensable enzyme (15) . Another enzyme which, like ribonuclease H (9) , is known to degrade polyribonucleotides processively from the 3' to the 5' end is polynucleotide phosphorylase (5) . This enzyme has been characterized adequately (3, 4) , but its physiological role is not known.
The studies presented here suggest that normal levels of this enzyme are required for efficient growth and induction of some enzymes.
MATERIALS AND METHODS
Bacterial strains. The polynucleotide phosphorylase (PNPase)-negative mutant (PR7) and its parental strain PR100 (ms 19, lac-, thr-, leu-, pnp+) were obtained from A. M. Reiner (11, 12) . For the purpose of measuring the functional half-life of ,B-galactosidase messenger, the fB-galactosidase gene was transduced from D10 (lac+; 2) into PR7 and PR100. The lac+, pnp-transductant will be referred to as N1104, and lac+ pnp+ counterpart as N1105. Viability tests were done by plating decimal serial dilutions of cultures onto nutrient broth plates (6) ; the plates were incubated for 2 days at 30 C.
Enzyme assays. The assay system for PNP comprised the following in 0.1 ml; tris(hydroxymethyl)-aminomethane-hydrochloride, 0. (8) . The reaction was started with addition of enzyme, incubated at 37 C, and terminated by adding 1.5 ml of a mixture (triethylamine-hydrochloride, pH 5, 0.08 M; perchloric acid, 0.25 M; and ammonium molybdate, 0.075 M). The precipitated ammonium phosphomolybdate complex was centrifuged, and a 0.4-ml portion of the clear supernatant liquid was used for determining radioactivity in the supernatant fraction (1) .
Tryptophanase. Strains were grown in glycerol Casamino Acid medium (13) . L-Tryptophan and adenosine-3',5'-cyclic monophosphate (both at 5 mM) were added at a culture density equivalent to an optical density at 560 nm (A,50 of about 0.5, and growth was continued for 60 to 90 min. Samples were withdrawn, toluenized, and assayed for tryptophanase activity (13) .
Determination of functional half-life of j,-galactosidase mRNA. Cultures were grown to 0.4 to 0.5 A5,0 in glycerol-Casamino Acids medium, and IPTG (0.5 mM) and 2 min later rifampin (350 gg/ml) were added. Samples (0.5 ml) were withdrawn at various time intervals and were shaken vigorously with a mixture of 10 ,liters of sodium deoxycholate (1 mg/ml) and 0.4 ml toluene and later assayed for ,B-galactosidase (7) . The half-life of ,B-galactosidase mRNA was determined from a curve where the difference between the plateau value of the enzyme and the level of the enzyme at any given point was plotted on a semilogarithmic plot (7) .
Determination of ADP after phosphorolysis of poly A. The polynucleotide phosphorylase assay system described by Chou and Singer (1) was scaled up three times, and incubation was carried out at 37 C for 1 h. Individual omissions of poly A, partially purified S-100, and an assay with a boiled S-100 were the controls. After the reaction was stopped the mixture was centrifuged at 6,000 x g for 30 min, and 1 ml of 1% activated charcoal in water was added. The tubes were mixed with a Vortex mixer for 1 min and centrifuged; the charcoal pellets were suspended in 2 ml of water and again centrifuged. The washing procedure was repeated three times. The washed charcoal pellets were finally stirred with 4 ml of 0.5 M NH4OH in 50% ethanol for 5 min and centrifuged. The top phase of ethanol was removed and lyophi-lized, and the residues were dissolved in 0.15 ml of water. Samples were cochromatographed with adenosine di-(ADP) tri-, and monophosphate and orthophosphate (Pj) as markers on Whatman 3MM paper with acetone-15% trichloroacetic acid (65:35, vol/vol) as developing solvent (10) at 4 to 5 C for 8 h. Radioactivity was determined by cutting out areas of the dried chromatogram and counting with toluenebased scintillation fluid.
RESULTS
Of a number of PNPase-2 strains (11, 12) , PR7 was shown to have the lowest level of this enzyme, and therefore we chose to experiment with this strain.
Growth of pnp-and pnp+ strains. At 45 C, but not at 37 or 43 C, the pnp-strains PR7 and N 1104 grow more slowly than the pnp+ strains PR100 and N1105 (Table 1) . Therefore, we isolated at 45 C faster-growing strains from both strains PR7 and N1104.
To do this, cultures of 1 ml (in nutrient broth) were started from individual colonies of each of the two strains (50 from PR7 and 40 from N1104). The cultures were grown to about 109 cells, diluted, plated onto broth-agar plates, and incubated at 45 C for 48 h. Fortytwo fast-growing strains were isolated from PR7, and 30 from N1104; only one colony from each initial culture was selected for further analysis. The reversion rate to fast growth, as calculated from the zero revertant class, was 1.3 x 10-i per cell division and the reversion frequency was 5 x 10-9.
Three fast-growing colonies derived from each of the two pnp-strains were selected at random, and the colony-forming ability, diameter of colonies, and growth rates of these isolates were compared to those of the parental strains PR7 and PR100. The results are shown in Table 1 and Fig. 1 . All of them resembled the pnp+ parental strains. The level of PNPase was also measured in cultures of these isolates, and all the fast-growing strains had higher levels of PNPase activity than the slow-growing strains (Table 1 ). There were no observable differences in the PNPase levels in extracts of cells grown at 30, 43, or 45 C.
The growth of the above mentioned strains was followed in nutrient broth at 30, 43, and 45 C. There was no observable difference at 30 and 43 C. However, at 45 C there were marked differences. The fast-growing strains developed like the PR100 or N1105 strains, whereas the parental strains PR7 and N1104 grew slower. In Fig. 1 the data for the N1104 series is shown; the PR7 series behaved similarly. An interesting observation is that the ability to grow to a certain cell density is also related to the level of PNPase of the cell. As can be seen in Fig. 1 , even when cultures get to the stationary phase after 24 h of growth, the density of the pnpstrains is lower than that of the pnp+ strains. This was observed to be the case with all fast-growing strains tested (40 strains).
Induction of ff-galactosidase and tryptophanase in pnp-and pnp+ strains. In lac+ derivatives of strains PR7 (N1104) and PR100 (1105), we measured at different temperatures (37, 43, and 45 C) the degradation of total pulse-labeled RNA as well as the functional inactivation of f3-galactosidase mRNA.
No significant differences were observed between these two strains. The half-life for figalactosidase mRNA for these two strains at those temperatures was 100 to 110 s. A slight decrease in the functional half-life of fl-galactosidase mRNA was observed in the pnpstrain, but the difference was too small to be amenable to reliable experimentation, although it was reproducible. In addition we tried to measure the functional half-life of the tryptophanase mRNA but both PNPase strains (PR7 and N1104) could be induced to produce only low levels of tryptophanase. Therefore we tested the constitutive levels of PNPase and inducible levels of tryptophanase in the fastgrowing revertants from the PNPase-strains. There is a good correlation in all the fast-growing revertants between the levels of PNPase activity in cell extracts and the ability of the cells to be induced for tryptophanase (Fig. 2) . All the fast-growing colonies had higher levels of PNPase and tryptophanase than those of their parental strains. The levels of the enzymes in some of them were comparable to those of the parental strains PR100 and N1105. However, there was no observable difference in the induced f3-galactosidase levels of the fastgrowing colonies of N1104, N1104 itself, and N S105.
The heat stability of the PNPase in 13 revertants was tested. In three of them, the enzyme was clearly thermolabile, which suggests that the PNPase in these revertants is structurally different from that in the wild type. The assays, similar to those performed by Reiner, showed that strain PR27 contains a thermolabile PNPase enzyme (12; Fig. 6 ).
PNPase levels in the pnp-strains. Reiner (12) reported that strain PR7 has very low levels of phosphorolytic PNPase activity. However, in different measurements we found in extracts substantial amounts of PNPase-like activity. To study this problem further we a Single fast-growing colonies isolated at 45 C of PR7 and N1104 were purified and grown to exponential phase in nutrient broth at 30 C. Cultures were diluted and plated on nutrient agar plates. Diameters of 10 randomly picked colonies were measured after 72 h of incubation. The colony-forming capacities were the same at 30 and 43 C, and the average was taken as 100%. Viability at 45 C has been recorded in percent as compared to the viability at 30 and 43 C. The levels of PNPase activity were measured as described in Fig. 2 .
bDiameter of colonies from all strains was 2 to 3 mm at 30 C.
c Counts per min per 10 ug of protein per 1 h. (S-150) and in partially purified enzymes. As can be seen in Fig. 3 relatively short time as compared with the more purified material, possibly suggesting the existence of an inhibitor in the S-150 fractions. Since in the assay used here the level of organic 32p iS measured, the possiblity of other enzymes in the extract catalyzing the conversion of 32P1 into esterified 32P cannot be ruled out.
To determine the amount of phosphorolysis of polyadenylic acid, AD 32P produced under standard assay conditions was measured by using nucleic acid-free S-150 supernatant fluid. The results shown in Table 2 It should be mentioned thejt the mutation studied here directly affects the PNPase enzyme and is most probably in the structural gene for this protein. This is indicated by the fact that all the three pnp-mutants isolated by Albey Reiner map in the same locus (11) , and in all of them the PNPase shows different behavior characteristic of structural alterations. For instance, the enzyme in strain PR27 (pnp 27) is present in high levels but it is thermolabile (12) , whereas the enzymes in strains PR7 and PR13 (pnp 7, pnp 13) show differential residual activities in the various possible assays for PNPase (ref. 12; Table 1 ). That pnp 7 is a mutation in the structural gene of PNPase is further indicated by the fact that at least some of the revertants regained a relatively thermolabile enzyme.
Therefore we suggest that inability to induce tryptophanase in strains PR7 and N1104 at 45 C and the inability of these strains to grow well at 45 C are related to the low level of PNPase in these strains. This prompts us to suggest an important role for the enzyme PNPase in growth of E. coli-perhaps an effect on RNA metabolism. However, the role of PNPase in exponential growth is unknown and has to be established.
